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© Power source lines arrangement in an integrated circuit. 

(57) A semiconductor integrated circuit having, for instance, 
a power source side conductor (11) and an earth side 
conductor (22) which are constructed such that the two 
conductors (11, 22) are formed into two layers mutually 
laminated in parallel and a dielectric substance (30) is 
interposed between the two layers for providing a capaci- 
tance. In this manner, the integrated circuit is operable such 
that a comparatively large capacitor is connected in the 
power of source circuit thereof. 



FIG.4 



70 




22 
rir 



.... ^""v/////-// 



AO 




CL 
111 

BNSDOCID: <£P_JM633eM1JL» 



Croydon Printing Company Ltd 




ir -. r . n 01 63384 

ulOLMHLlL? SEMICONDUCTOR INTEGRATED CIRCUIT 

f ^:;t page 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a semiconductor 
5 integrated ^,irjc T ui.t , and more part icularly^to a connection 
construction of the power source lines in the integrated 
circuit . 

Description of the Prior Art: 

Ordinarily, a semiconductor integrated circuit 

10 includes a multiplicity of semiconductor active elements 
and two power source lines for supplying electricity to 
these semiconductor elements, one being a power source 
voltage line and the other being a ground line. 

In the power source lines of a conventional 

15 integrated circuit, noises are frequently introduced 

not only from outside but also created therein as a result 
of abrupt switching operation of the integrated circuit, 
thus disturbing the operation of the integrated circuit. 

Furthermore, in case of a dynamic RAM of a 

20 large memory capacity such as 256 K bit RAM and a 1 M 
bit RAM, the power source lines become long, and steep 
current pulses created at the time of refreshing operation 
in the integrated circuit inevitably caused voltage drops 
in the long power source lines, thereby rendering the 

25 operation of the circuit to be unstable. 
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SUMMARY OF THE INVENTION 



An object of the present invention is to 
provide a semiconductor integrated circuit wherein the 
above described difficulties of the conventional circuits 
can be substantially eliminated. 

Another object of the invention is to provide 
a semiconductor integrated circuit wherein noises 
occurring in th power source lines can be absorbed 
effectively and the power source voltage applied to the 
semiconductor active elements in the circuit can be main- 
tained substantially stable regardless of abrupt change 
in the current flowing through the integrated circuit. 

These and other objects of the present invention 
can be achieved by a semiconductor integrated circuit 
wherein at least two connection layers (10, 20) held 
at different potentials are provided on a substrate 
(60) formed with a number of semiconductor active 
elements (40, 50), for leading power source to the 
elements, characterized in that the two connection 
layers (10, 20) are laminated in parallel with each 
other (11, 21 or 12, 22) and a dielectric substance 
(30) is interposed between the two connection layers 
(10, 20) for providing a capacitance element (c) there- 
between . 

With the above described connection construc- 
tion of the power source lines, a capacitor of a pre- 
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determined capacitance is formed between a power source 
voltage line and an earth line provided by the first and 
second connection layers, and since the capacitor is 
provided adjacent to the semiconductor active elements, 
the capacitor absorbs the noises occurring in the power 
source lines effectively and supplies a heavy transient 
current which is required, for example, at the time of 
charging and discharging of the bit lines of a dynamic RAM. 
As a consequence, the amount of electric current to be supplied 
from outside and hence the variation of the power source 
voltage can be substantially reduced. In addition, erroneous 
operation of the integrated circuit caused by the variation 
of the power source voltage applied to the active elements 
of the circuit can be prevented, and a camparat ively large 
operational margin can be allowed for the active elements, 
thus improving the yield in production of the active elements 
and reducing the production cost of the semiconductor integrated 
circuit . 

Further, the parallely laminated construction of 
the first and second conneciton layers can improve space factor 
and hence the degree, of integration of the integrated circuit. 

Ordinarily, when an electric current flows 
through a power source line, a magnetic field is created 
around the line. The magnetic field defines a self- 
inductance of the power source line. In recent semi- 
conductor integrated circuits such as dynamic RAM and 
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the like where long power source lines are required, 
the self-inductance causes a substantial amount of 
voltage drop in the power source lines. According to 
the present invention, since the first and second con- 
5 nection layers are laminated in parallel and electric 
current flows - through -these layers oppositely, the 
magnetic field produced around the first and second 
layers cancels with each other, and the self -inductance 
and hence the voltage drop can be reduced to minimum 
10 values, 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the accompanying drawings: 

FIG* 1 is an equivalent circuit diagram show- 
ing one part of a semiconductor integrated circuit; 
15 FIGS. 2 and 3 are equivalent circuit diagrams 

showing different embodiments of the application of the 
present invention to the integrated circuit shown in 
FIG. 1; 

FIG. 4 is a sectional view showing schematic 
20 cally one part of the embodiment shown in FIG. 2; 

FIG. 5 is a circuit diagram showing one part 
of an ordinary dynamic RAM constituting an example of 
a semiconductor integrated circuit; 

FIG. 6 is an equivalent circuit diagram showing 
25 the connection of power source lines in the dynamic RAM 
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shown in FIG. 5, which constitutes still another em- 
bodiment of the invention; 

FIG. 7 is a plan view showing important part 
of the embodiment shown in FIG. 6; 
5 FIGS. 8(A) and 8(B) are sectional views taken 

along the lines A-A 1 and B-B 1 in FIG. 7; 

FIG. 9 is a time chart for explaining a sens- 
ing operation of the embodiment shown in FIG. 6; 

FIG. 10 is a diagram showing an allowable 
10 example of voltage drop caused in the power source of 

a semiconductor integrated circuit of this invention by 
a transient current flowing into the circuit; and 

FIG. 11 is a sectional view showing schema- 
tically one example of the connecting portion of power 
15 source lines in a semiconductor integrated circuit of 

a multilayer construction, which constitutes still another 
embodiment of the invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

FIG. 1 illustrates an example of a semicon- 
ductor integrated circuit in the form of an inverter 
that comprises MOS FET pairs 40 and 50, According to 
5 the invention, a power source side wire 10 and an earth 
side wire 20 provided in the inverter are formed in 
lamination to be disposed in parallel with each other, 
and a suitable dielectric substance 30 is interposed 
between the wires 10 and 20 so as to form positively 
10 a capacitance C. The invention may be executed in two 
different ways as shown in FIGS. 2 and 3. FIG. 2 
illustrates one embodiment wherein the power source side 
wire is provided in a first layer (the wire in the first 
layer is designated by 11), while the earth side wire" is 
15 provided in a second layer (the wire in the second layer 
is designated by 22) with a dielectric substance 30 
interposed therebetween. The connection between the" 
earth side wire 22 in the second layer and the earth 
electrode of the power source and the source electrodes 
20 of the MOS FET pairs 40 and 50, which are held at earth 
potential, are carried out in three-dimensional manner 
through contact holes P^ P 2 and P^, respectively. 
FIG. 4 illustrates schematically a cross-sectional con- 
struction of the circuit shown in FIG. 2, particularly 
25 of a circuit portion indicated by SI which is related to 
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the MOS FBT pair 40. 

The connection construction shown in PIG* 4 
will now be described in detail. MOS FET pair 40 com- 
prises three N + diffusion layers 41 , 42 and 43 formed 

5 in a semiconductor substrate (P-Si) 60 assumed to be 
of P type, gate forming insulating layers 4 4 and 45 
deposited in channel forming regions between the N + 
diffusion layers 41, 42 and 43, and gate forming elec- 
trode layers 46 and 47 which are made of, for instance, 

10 polysilicone and deposited on the insulating layers 44 
and 45, respectively. The upper surface of the above 
described construction is evenly coated by an insulating 
layer 70 made of, for instance, Si0 2 . Then contact 
holes and Q 2 are formed through the insulating layer 

15 70 at positions overlying the N + diffusion layers 41 
and 42. Conductive layers 11 and ll 1 made of, for 
instance, aluminum to constitute the first connection 
layer are selectively deposited through the contact 
holes Q-^ and Q 2 for connecting the layers 11 and 11 1 

20 electrically with the N + diffusion layers 41 and 42, 
respectively. The connection layer 11 corresponds to 
the power source side connection layer, while the con- 
nection layer 11 1 corresponds to a junction portion 
between the MOS FET pair 40 (in FIG. 2) which is oper- 

25 able as an output terminal of an inverter circuit. 

A dielectric substance layer 30 made of, for instance, 
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Si0 2 is further deposited over the connection layers 
11 and 11 1 , and a contact hole P 2 is provided through 
the layer 30 (the contact hole P 2 may otherwise he 
provided after the deposition of the insulating layer 
5 70) at a position overlying the N + diffusion layer 43 
which is operable as a source electrode of the MOS FET 
pair 40 held in earth potential. Then an earth side 
connection layer 22 made of, for instance, aluminum 
and constituting the second layer is deposited entirely 
L0 so that the layer 22 is electrically connected with the 
N + diffusion layer 43 through the hole P 2 . It should be 
noted that the earth side connection layer 22 is lami- 
nated in parallel with the power source side connection 
layer 11 with the dielectric substance layer 30 inter- 
15 posed therebetween. Furthermore, the opposing surfaces 
of the power source side connection layer 11 and the 
earth side connection layer 22 are positively increased 
so as to provide a required capacitance between the two 
layers. 

20 On the other hand, the embodiment shown in 

FIG. 3 is constructed as follows. At the time of lami- 
nating power source wires 10 and 20, the earth side wire 
is formed into a first layer (earth side wire formed 
in the first layer is designated by 21), while the 

25 power source side wire is formed into a second layer 

(power source. -side wire formed into the second layer is 
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designated by 12) with a dielectric substance 30 inter- 
posed between the first and second layers. The connec- 
tion of the power source side wire 12 disposed in the 
second layer with the power source electrode and also 
5 with the drain electrodes of the MOS FET pairs 40 and 
50, which are held at a power source potential, are 
carried out in a three-dimensional manner through con- 
tact holes P 4 , P 5 and P g . It is apparent that the 
above described connection construction of the embodi- 

10 ment can be realized in a similar manner as those des- 
cribed with reference to FIG. 4, and further description 
thereof is omitted for avoiding redundancy. 

An application of the present invention to a 
semiconductor integrated circuit in the form of a 

15 dynamic RAM will now be described. 

FIG. 5 is a circuit diagram showing an ordi- 
nary construction of a sensing amplifier of the dynamic 
RAM. The amplifier circuit comprises MOS transistors 
Tr x through Tr 4 used for providing a flip-flop circuit, 

20 MOS transistors Tr 5 and Tr ? of sensing use, a MOS tran- 
sistor Tr g used for switching dummy cell, a MOS tran- 
sistor Tr 8 used for switching memory cell, a storing 
capacitor C ± for the dummy cell, a storing capacitor C 2 
for the memory cell, and stray capacitances and CV 

25 In the circuit shown in FIG. 5, a power source line 80 
is held at a power source potential V DD , another power 
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source line 90 is held at a power source potential Vgg f 
bit lines 101 and 102 are held at opposite potentials 
BL and BL f a dummy cell reset signal 4> ^ is applied to 
a signal line 104, a sensing operation start signal 
5 $ SE i3 a PP lied to a signal line 105, a memory cell 
switching signal WL is applied to a signal line 106, 
and a dummy cell switching signal DWL is applied to a 
signal line 107. 

For the convenience of application of the 

10 present invention, the circuit shown in FIG. 5 is re- 
arranged as shown in FIG. 6. In a practical dynamic 
RAM, the circuit shown in FIG. 6 is repeatedly arranged 
vertically along the lines 103, 104, 105, 106 and 107 
into a required number of stages. In the shown embodi- 

15 ment, the power source lines 80 and 90 in FIG. 5 are. 
formed into a laminated construction. It is assumed 
that the power source line at the potential V DD is dis- 
posed in the first layer (the line in the first layer 
is designated by 81) f while the power source line at 

20 the potential V gs is arranged in the second layer (the 
line in the second layer is designated by 92). FIG. 7 
is a plan view showing the laminated construction of 
the power source lines provided for a precharge circuit 
for the bit lines, which is surrounded by one dot dash 

25 line and indicated by S 2 in FIG. 6, and FIGS. 8(A) and * 
8(B) are sectional views taken along the lines A-A 1 and 
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B-B« in FIG. 7. 

The embodiment will now be described in detail 
with reference to FIGS. 6, 7, 8(A) and 8(B). 

As is apparent in these drawings, each of the 
MOS transistors Tr^ and Tr 2 is made of a P-type semi- 
conductor substrate (P-Si) 100 in which a field oxide 
layer 130 is buried, a gate oxide layer 121 and a gate 
electrode layer 120 (see FIG. 8(A)) consisting of a 
polysilicon or else successively formed on the substrate 
100, and an N + diffusion layer 110 (see FIGS. 7 and 8(B)) 
which is formed by ion-injecting an impurity such as As 
while utilizing the gate electrode layer 120 as a mask. 
In the shown embodiment, the entire surface is then 
covered by an insulating layer 140 of, for instance, 
Si0 2 (CVD-Si0 2 ), and the power source line 81 in the form 
of a first layer made of a metal such as Al and to be 
held at the power source voltage V DD and a signal line 
103 to which a bit line precharging signal £ p is applied 
are selectively deposited over the insulating layer 140 
(see FIGS. 7 and 8(A)). A layer 150 of a dielectric 
substance such as Si0 2 (CVD- S i0 2 ) is then formed over the 
entire surface, and the power source line 92 in the form 
of the second layer made of a metal such as Al and to be 
held at the power source voltage Vg S is deposited on the 
dielectric substance layer 150 such that the power source 
line 92 extends in parallel with the power source line 81 
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provided in the form of the first layer. As is appar- 
ent in FIG. 8(B), the power source line 81 is electri- 
cally connected through a contact hole P 1Q with the 
N + diffusion layer 110 serving as a junction point be- 
5 tween the drain electrode and the source electrode of 
the transistors Tr^ and Tr^f while the signal line 103 
is electrically connected through a contact hole PgQ 
with a junction point between the gate electrodes of the 
transistors Tr 1 and Tr^ - With the above described con- 

10 nection construction, a circuit equivalent to that shown 
in PIG-. 6 is realized. 

In consideration of electrical properties of 
the dynamic RAM, the length of the power source line 80 
held at a potential V D jj increases in accordance with the 

15 size of the dynamic RAM. In case of 1 M bit dynamic 
RAM, the length "of the power source line 82) will be 
approximately 10 mm with a width of 2 microns . Assum- 
ing that the power source line is made of Al, the re- 
sistance of the line 81 is expressed to be 

20 R=(/.f)/S = (lx 0.05)/ 2 x 10~ 4 

= 250 ohms 

In case where approximately 1024 bit lines of 1 M bit 
dynamic RAM are charged to a high voltage required for 
the sensing operation of the amplifier, assuming that 
25 the stray capacity of each bit line = C ' = 500 fP 
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the total sum of the stray capacitance becomes 0.5 nF. 
Thus for charging, under 5V and within 20 ns, the bit 
lines from a low voltage resulting from the sensing 
operation to a high voltage required for resuming the 
5 same operation, a charging current of 125 mA is required 
When such a heavy current flows through the power source 
line 80, a voltage drop as described above occurs, thus 
reducing the power source voltage and elongating cycle 
time required for the charging operation. Such an ad- 

10 verse effect can be eliminated by a connection const- 
ruction of the power source lines as shown in PIG. 6 
wherein the power source lines 81 and 92 are laminated 
with each other so that a large capacitance of, for 
instance, 5 pP which is 10 times larger than 500 fP 

15 obtained for each bit line, is formed between the power 
source lines 81 and 92. By charging the bit lines from 
the capacitance without effects of the voltage drop of 
the power source lines, a high speed and noiseless 
charging of the same can be realized. 

20 FIG. 9 is a time chart showing conditions of 

various signals during the sense operation of the 
dynamic RAM. According to the embodiment, it is pos- 
sible to increase forcibly the power source potential 
V SS as shown b y one-dot-dash line CL in FIG. 9 in syn- 

25 chronism with a precharging signal<f> p of the bit lines 
so that the electric charge in the capacitance between 
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the power source lines 81 and 92 is effectively uti- 
lized for charging the bit lines. Such an operation 
can be realized by connecting the power source line 92 
at a potential Vgg with a suitable power source not 
5 shown for increasing the potential of the power source 
line 92 for a time synchronized with the precharging 
signal <£ p . 

Assuming that a current flowing through the 
power source lines to the bit lines, or more generally 

10 to the semiconductor integrated circuit, is i, a peak 
value of the current is i pf and a duration time of 1/2 
peak value of the current is t , the following relation 
holds between a voltage drop transiently caused by 
the current i and the capacitance C provided between 

15 the laminated power source lines 

av = (i p x t p )/ c : (i) 

Thus, by selecting the voltage drop AV in a range 
allowable for realizing a stable operation of the semi- 
conductor integrated circuit, the capacitance C for 
20 assuring stable operation of the integrated circuit is 
determined from the following relation 

C > (i p x t p )/AV (2) 

That is, the required capacitance C is determined by 
firstly calculating the allowable voltage drop AV, 
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and then by substituting the value in equation (2). 
After the value of the capacitance C has been thus 
determined, the widths and lengths and the layout of 
the power source lines as well as the thickness of the 
5 dielectric substance and the material of the related 

elements may be determined in accordance with the semi- 
conductor integrated circuit. Herein, the values of i 

P 

and t in equation (2) can be determined comparatively 
easily from the specific feature of the semiconductor 
10 insulated circuit . 

When it is assumed that the power source volt- 
age is held at 5 (V), the allowable voltage drop A V is 
selected to be 1 (V) being 20 fo of the power source 
voltage, the peak value i of the power source current 

15 is 125 (mA), and the duration time t of the 1/2 peak 

P 

value is 2 (ns), then the capacitance C is calculated 
as follows. 

C = (± P X V /AV = < 12 5 x 2)/l 
= 0.25 (nP) 

20 This indicates that a stable operation of the integrated 
circuit can be assured for a capacitance C more than 
0.25 nF. 

For the realization of the aforementioned 
value of the capacitance C, the semiconductor integrated 
25 circuit may be designed such that the width and the 
length of the-power source lines are 100 microns and 
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100 (mm), respectively, and a dielectric substance of 
Si0 2 is interposed between the power source layers at 
a thickness of approximately 1.0 micron. In this manner, 
a capacitance C of 0.35 (nP) which is sufficiently larger 
than the above described value 0.25 (nP) can be obtained, 
and it is confirmed that the advantageous features of 
the present invention can be realized by the semicon- 
ductor integrated circuit of the above described design. 

In case where the condition of the voltage 
drop becomes more strict and a value of 0.5 (V) corres- 
ponding to 10 °/o of the power source voltage 5 (V) is 
selected to be the limiting value AV, the required value 
of the capacitance C becomes 

C = (125 x 2)/ 0.5 = 0.5 (nP) 

15 and hence the design of the semiconductor integrated 

circuit is changed in accordance with the value of the 
capacitance C. 

It should be noted that the condition related 
to the limiting value AV of the voltage drop is varied 

20 depending on the size and the kind of the semiconductor 
integrated circuit. Ordinarily, the limiting value 
of approximately 50 $ of the power source voltage is 
utilized for determining the required value of the 
capacitance C, and in case where the condition becomes 

25 more strict, a limiting value Z^V of 20 £ or 10 % of 

the power source voltage is selected thereby determining 



- 16 - 



BNSOOCID: <EP_01633B4A1JL> 



01 63384 



the capacitance C. 

FIG. 10 illustrates a relation between the 
power source current i and the limiting value of the 
voltage drop in various conditions. 
5 Although in the above described construction, 

it has been assumed that the power source lines lami- 
nated in parallel are made of a metal such as aluminum, 
either one of the power source lines may otherwise be 
made of polysilicon or polyside which is used for the 
10 gate electrode of MOS transistors. 

The dielectric substance disposed between the 
power source lines is not necessarily restricted to 
Si0 2 as described above, but many other substances having 
higher dielectric constants, such as nitrides and Ta^, 
15 may otherwise be used for increasing the capacitance 

while maintaining the thickness of the dielectric sub- 
stance at a constant value. 

The invention may otherwise be applied to a 
semiconductor integrated circuit of a multilayer con- 
20 nection construction. In a case where the construction 
has three layers, a connection layer 211 of a potential 
V cc , a dielectric substance layer 221, another connection 
layer 212 of a potential Vgg, another dielectric sub- 
stance layer 222, and still another connection layer 213 
25 of a potential V CG are deposited in this order on a 

substrate 200 as schematically illustrated in FIG. 11. 
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In the shown construction, a capacitance C 1Q is formed 
between the connection layers 211 and 212, and another 
capacitance C 2 q is formed between the connection layers 
212 and 213- The multilayer integrated circuit of the 
5 above described construction can exhibit advantageous 
features similar to those of the embodiments described 
hereinbefore. Of course, the potentials of the connec- 
tion layers in FIG. 11 may be reversed to each other, 
and it is apparent that the invention can be applied 
10 to multilayer integrated circuits having more than 
three layers. 
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CLAIMS 

!• A semiconductor integrated circuit wherein 

at least two connection layers (10, 20) held at different 
potentials are provided on a substrate ( 60 ) formed with 
a number of semiconductor active elements (40, 50) 
for leading power supply to said elements characterised in 
that said two connection layers (10, 20) are laminated 
in parallel with each other (11, 21 or 12, 22) and 
a dielectric substance (30) is interposed between said 
two connection layers (10, 20) for providing a capacitance 
element (C) therebetween. 

2. A semiconductor integrated circuit according 
to claim 1 wherein a first layer of said laminated 
connection layers is a first connection layer (11) and 
a second layer of said laminated connection layers 

is a second connection layer (22). 

3. A semiconductor integrated circuit according 
to claim 1 wherein a first layer of said laminated 
connection layers is a second connection layer (21) 
and a second layer of said laminated connection layers 
is a first connecitcn layer (12). 

4. A semiconductor integrated circuit according 
to claim 2 or 3 wherein said first and second connection 
layers (11, 22 or 12, 21) are made of a metal such as 
aluminum or the like. 
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5. A semiconductor integrated circuit according 
to claim 2 or 3 wherein either one of said first and 
second connection layers (11, 22 or 12, 21) is made of 
a metal such as aluminum or the like, while the other of the 
connection layers (11, 22 or 12, 21) is made of a material 
such as polysilicon or polyside. 

6. A semiconductor integrated circuit according 
to claim 1 wherein said dielectric substance (30) is 

Si( V 

7. A semiconductor integrated circuit according 
to claim 1 wherein said dielectric substance (30) is 

a material such as a nitride or Ta 2 0<- having a high 
dielectric constant • 

8. A semiconductor integrated circuit according 
to claim 1 wherein said capacitance provided between 
said first and second connection layers is of a value 
maintaining a voltage drop in said connection layers 
less than 10 fo of a power source voltage. 

9. A semiconductor integrated circuit according 
to claim 1 wherein said capacitance provided between 
said first and second connection layers is of a value 
maintaining a voltage drop in said connection layers 
less than 20 # of a power source voltage. 
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10. A semiconductor integrated circuit according 
to claim 1 wherein said capacitance provided between 
said first and second connection layers is of a value 
maintaining a voltage drop in said connection layers 
less than 50 % of a power source voltage. 
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